Abstract: Menšík L., Kostková E., Kulhavý J. 2015 in the stands of spruce. The C/N ratio in the layers of forest floor and soil horizons at each site is similar and is not statistically significantly different. In spruce and beech stands in layers F and H fulvic acids prevail -a lower HA to FA ratio, the transformation of humic substances is more complete in layer H under spruce stands compared with beech. In the Ah horizon, the situation is reversed, with the transformation of humic substances being more complete under beech stands. The results incorporated using multivariate statistical methods (PCA) confirmed that thinning has no statistically significant effect on humus conditions in young spruce and beech stands in different types of habitats.
Introduction
Currently, the impact of thinning on biogeochemical cycles /i.e. soil organic matter, decomposition processes, nutrient cycling, etc./ is currently insufficiently studied in the Czech Republic and abroad (Vesterdal et al. 1995; Podrázský et al. 2005; Menšík et al. 2009ab; Novák et al. 2011) . Thinning affect accumulation, transformation and mineralisation of soil organic matter in several ways: the quantity and quality of tree litter (Šály 1978; Binkley, Giardina 1998; Novák, Slodičák 2004 etc.) ; accelerated mineralisation /decayed organic matter/ (Šarman 1979 Nilsen et al. 2008 ).
The quality of humic substances is important for soil fertility and nutrition of forest stands. It differs based on the various natural conditions, whether they are geological, geomorphological, climatic, stand-related or other. Therefore humic substances are studied in detail mainly in economically important ecosystems (Menšík 2010) . Soil organic matter ("SOM") is generally defined as the sum of all non-living organic components of soil (Stevenson 1994) . In terms of chemical and analytical characteristics humus can be divided into non-humic substances (organic substances of plant and animal origin) and humic substances (produced from nonhumic substances and soil-specific).
The aim of the study was to evaluate the effect of the type of thinning (above thinning vs. below thinning) on the humus conditions (i.e. forest floor stock, the content and stock of carbon and nitrogen, C/N ratio, and the proportion of carbon in humic substances) in spruce stands found on acid granodiorite (acid site) in FVZ 4 to 5 and in beech stands found on a solidified limestone sediment (nutrient rich site) in FVZ 3 to 4; the sites are part of the Drahanská vrchovina Upland (Czech Republic).
Materials and methods

The area of interest, research plots
The research was conducted in natural forest area (NFA) 30 -Drahanská vrchovina Upland. Research in humus conditions has been locally underway since 1977. For this project, the research focused on forest stands (research plots) at sites differing from each other in terms of climate, typology, and soil: (1) spruce monoculture -in the second generation, the age of 35 years (above thinning /Spruce 1/, below thinning / Spruce 2/), part of the Research facility Rájec-Němčice; and (2) beech stand -in the second generation, the age of 45 years (above thinning /Beech 1/, below thinning /Beech 2/), part of the Training Forest Enterprise Masaryk Forest Křtiny. Thinning was conducted in spruce monoculture in 2005, 2010; in beech stand in 2011. A more comprehensive description of the experimental stands is given in Tab. 1.
The parent rock is an intrusive rock of acid granodiorite /Spruce stand/ and shale, greywacke and solidified limestone sediment /Beech stand/. Sampling: Samples for determining the stock of forest floor (L, F, H) were collected in autumn (in October 2012 in spruce stand, 2014 in beech stand), using a metal frame (Menšík et al. 2012 ) were taken at all sampling sites from each horizon in mineral soil.
Chemical analysis: Carbon and nitrogen were determined using samples cleared from coarser particles after they were finely ground; the determination was made using the automatic analyser LECO TruSpec /MI USA/ (Zbíral 1997) . Humic substances were extracted from the fine soil by a solution of sodium pyro-phosphate in an alkaline mixture + NaOH using short fractionation by Kononová and Bělčiková (Podlešáková et al. 1992) . The colour quotient (Q 4/6 ) of HA solutions was measured using a spectrophotometer LIBRA S22 UV/VIS (Biochrom) at a wavelength of 465 nm and 665 nm. The Q 4/6 coefficient was determined by dividing the observed values of absorbance (Kononová 1963) . The degree of humification (DH) of soil organic matter (%) was calculated according to the relation: DH I (%) = = 100 * C HL /C org according to Sotáková (1982) , Orlov (1985) . UV/VIS spectra of humic acids were measured using a spectrophotometer UNICAM 8625 UV/VIS, the range being 400 nm to 700 nm, with the pitch of 10 nm (Podlešáková et al. 1992 ).
Physical analysis:
The soil density was determined by pycnometry (Jandák et al. 2003) . Skeleton content were determined by ocular estimate describing soil profile. Selected measured characteristics were used as predictors (factors); they were chosen on the basis of an eigenvalue graph. Variables with impaired assumption of normality were converted using logarithmic transformation. As part of step 1, PCA was carried out with all the variables to compute the most important variables.
Step 2 involved selecting active and supplementary variables for better interpretation. This stepwise analysis significantly improves the outcome of the PCA analysis in case of a smaller number of samples. PCA was used for calculating a component weight for the investigated variables (Meloun, Militký 2011) . Based on correlations and contributions in convincing factors each of the characteristics was subsequently judged for relevance to explain the multidimensional dependencies (correlations) in the factorial plane. Statistical significance was assessed at a significance level of P = 0.05 (Meloun, Militký 2012) .
Results
The form of forest floor and type of soil
As regards humus form, moder was identified in spruce stands (Spruce 1, 2), and mull in beech stands. In terms of soil type, the research plots contain modal oligotrophic cambisols in the spruce forest and modal mesotrophic pseudogley in beech stands (Němeček et al. 2011 ).
Forest floor stock
The stock of forest floor was determined per layer under the stands of both spruce (Spruce 1, 2) and beech, with the L, F, and H layer depth fluctuating between 3 and 5 cm. The total stock of forest floor was found to be 51.5 to 53.7 t.ha -1 in spruce forest (Spruce 1, 2), and 16.8 to 18.1 t.ha -1 in stands of beech (Beech 1, 2). As regards the individual layers and the total stock, statistically significant differences were not demonstrated at p = 0.05, see Fig. 1 . -currently, thinning do not have a significant impact on these parameters.
The content of carbon and nitrogen, C/N ratio in the forest floor and mineral soil
For carbon and nitrogen content, stands of spruce and beech did not show statistically significant differences at a significance level of p = 0.05 in the individual layers of forest floor and the soil horizons within the sites -thinnig had no effect on these parameters. C/N ratio is similar in the individual layers of forest floor and the soil horizons within the stands (spruce/beech) -it does not differ significantly (no statistically significant difference observed), see Fig. 2 -currently, thinning do not have a significant impact on these parameters.
The stock of carbon and nitrogen in the forest floor and mineral soil
Carbon/nitrogen stock in the forest floor in the SM stands was set at 20.7 to 21.4 t.ha -1 (0.7 t.ha -1 of nitrogen in the forest floor); for beech stands, the forest floor layer stock was calculated to amount 4.3 to 4.7 t.ha -1 (0.1 to 0.2 t.ha -1 of nitrogen in the forest floor) see Tabs. 1 and 2.
For soil horizons Ah and BV, the stock of carbon/nitrogen in stands of spruce (to a depth of 50 cm) ranges from 68.4 to 72.4 t.ha -1 (3.1 to 3.4 t.ha -1 of nitrogen). For beech stands, the stock in the soil horizons Ah and Bmt (to a depth of 50 cm) was calculated to be 76.8 to 77.5 t.ha -1 (6.2-7.0 t.ha -1 of nitrogen). It can be concluded based on the results that currently thinning do not have a significant impact on the stock of carbon and nitrogen. and the soil horizons within the sites -thinnig had no effect on these parameters. C/N ratio is similar in the individual layers of forest floor and the soil horizons within the stands (spruce/beech) -it does not differ significantly (no statistically significant difference observed), see Fig. 2 -currently, thinning do not have a significant impact on these parameters. The stock of carbon and nitrogen in the forest floor and mineral soil Carbon/nitrogen stock in the forest floor in the SM stands was set at 20.7 to 21.4 t.ha -1 (0.7 t.ha -1 of nitrogen in the forest floor); for beech stands, the forest floor layer stock was calculated to amount 4.3 to 4.7 t.ha -1 (0.1 to 0.2 t.ha -1 of nitrogen in the forest floor) see Tabs. 1 and 2. Note: Calculating stock estimates in spruce stands (Spruce 1,2) used data from 2012-2014.
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The proportion of carbon in the humus substances
The analysis of fractionation of humic substances determined the fractions of carbon in the mixed representative samples. The highest levels of forest floor/C org in the spruce stand variants were shown to exist in forest floor layer H. Fulvic acids prevail each time in the fraction composition; the HA to FA ratio is lesser than 1. The values of colour Q4/6 -colour quotient (Q 4/6 ) are high (6-7), indicating the prevalence of FA, see Tab. 3.
The degree of humification was calculated as the HL/C org *100 ratio. The values are low (20 %) to moderate (30 %). The degree of humification was seen to be moderate for F and H, and low for A. UV-VIS spectra are the highest at the lower wavelengths (400 nm), where they absorb FA, which is confirm through the Q 4/6 ratio.
In the beech stand variants, the humus content/C org in the F + H layer of forest floor is very high (> 20 %). The sum of HL is also very high (3 %). The quality of humus is low. For the fractional composition, fulvic acids (FA) are predominant of humic acids (HA). The HA to FA ratio is less than 1. The values of colour Q4/6 -colour quotient Q 4/6 range from 4 to 5, indicating acidic fulvate type of humus. The degree of humification is low (to 20 %). The absorbance in the UV-VIS spectral region is higher than for Bmt and Ah horizons. In soil horizon Ah (Tab. 4) of the beech stand variants the humus content is high (> 9 %). The same applies to the sum of HL (> 1.68 %). The quality of humus is however low. For the fractional composition, fulvic acids (FA) are predominant of humic acids (HA). The HA to FA ratio is less than 1. The values of colour index Q 4/6 were determined to range from 4.8 to 5.3, indicating acidic fulvate type of humus. The degree of humification is high (> 30 %). The rate of absorbance in the UV-VIS spectral region is higher than for Bmt horizon, but lower than in the layer of F + H humus.
Tab. 2. Calculation of the stock of nitrogen (N) in the layers of forest floor and soil horizons to a depth of 50 cm in the variants
For Bmt soil horizon the humus content is very low (< 0.5 %). The same applies to the sum of HL (<1.0 %). Humus quality is very low. In the fractional composition fulvic acids (FA) strikingly prevail over humic acids (HA). The HA to FA is less than 0.7 (0.5 for Beech 1 variant). The values of colour index Q 4/6 were determined to exceed 4, indicating acidic fulvate type of humus. The degree of humification could not be determined due to the very low organic carbon content. The rate of absorbance in the UV-VIS spectral region is very low. The results obtained from the fractionation of humic substances showed no significant differences between the thinning variants at those sites -currently, thinning do not have a significant impact on these parameters.
Multivariate statistical analysis
Only the first two axes shown in the graph of component weight PC1 and PC2 (Fig. 3) ; they together deplete around 93 % of the variability. Axis PC1 clearly outlines the fractionation of humic substances (HL, HA, FA; to some extent, C org and the HA to FA as well); the substances are then running straight along the axis and are correlated to it, via 0.9 (HL, HA, FA) and, to some extent, even with both C org (0.6-0.7) and the HA to FA ratio (0.6-0.8). Soil horizons are split along PC1 as well; most of C org and the humic substances exist in the F + H and Ah layers of beech stands in comparison with those of spruce. In spruce stands, the contents are also much more balanced between the horizons; in beech stands, they differ to a greater extent.
The PC2 axis lacks considerable correlation; rather, directions are characterised, depending on e.g. Q 4/6 (conversion of humic substances is better under the beech stands), pH (higher in all layers and horizons under the beech stands compared to stands of spruce), and C/N to DH Note: HS -humic substances; HA -humic acids; FA -fulvic acids; Q 4/6 -colour quotient; DH -degree of humification ratio (conversion of humic substances is better under the beech stands). Q 4/6 and pH are strongly negatively correlated (0.7); the same applies to the C/N to DH ratio (0.6). PCA analysis (the PC1 and PC2 axes) significantly characterised two categories: tree species composition (spruce and beech stands), and the influence of the habitat (acid and nutrient sites). It also confirmed that a thinning has not a statistically significant effect on humus conditions in young stands of spruce and beech at various types of habitats.
Discussion
The stock of forest floor found in the Spruce 2 stand was found to be larger than for Spruce 1; the difference was 4.7 t.ha -1 ). Klimo, Maršálek (1992) detected a total stock of the surface humus layer being 50 t.ha -1 in 1977 before the previous mature stand was harvested; after the logging operation, when a new stand (i.e. the existing one) was set up in 1978, there was an increase to 72 t.ha -1 as a result of the used method (wholetree logging). After 14 years, in 1991, the forest floor stock was 63 t.ha -1 throughout the research area (Klimo, Maršálek 1992 ). In comparison with previous studies, there is a clear decrease in the stock of the humus material, mainly in layer H (from about 40 to 23 t.ha -1 ). Conversely, the F layer stock arouse from 10 to 21 t.ha -1 . The stock in beech stands was set at 17.1 to 20.5 t.ha -1 . Menšík et al. (2009b) report the stock of the surface humus layer amounting to 79.4 t.ha -1 for spruce stands aged 60 years approximately and found at 3K sites with acidic cambisol and moder humus form; at 4H sites of good carrying capacity the level was 53.6 t.ha -1 in spruce stands, 29.5 t.ha -1 in spruce-beech stands and 25.0 t.ha -1
in Douglas fir stands. Furthermore, Pernar et al. (2008) reports the level of stock in the surface humus layer to be 49.5 t.ha -1 in mixed selection woods of fir, beech and spruce found on dystric cambisol with the moder form of surface humus in Gorski Kotar (Croatia).
Based on the carbon content and the stock (forest floor and soil), carbon stock was estimated in the forest floor and in a soil layer to a depth of 50 cm; it ranged from 89 to 99 t.ha -1 in spruce stands (about 22 to 27 t.ha -1 in the forest floor and 68 to 72 t.ha -1 in the soil). In beech stands, the stock was set at 82 t.ha -1 (about 5 t.ha -1 in the forest floor and 77 t.ha -1 in the soil).
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FA) and, to some extent, even with both Corg (0.6-0.7) and the HA to FA ratio (0.6-0.8). Soil horizons are split along PC1 as well; most of Corg and the humic substances exist in the F + H and Ah layers of beech stands in comparison with those of spruce. In spruce stands, the contents are also much more balanced between the horizons; in beech stands, they differ to a greater extent. Similar results were reported by Reichle (1981) in 1980 as part of the Solling project, giving the stock of carbon for a spruce stand aged 87 years to be 24.5 t.ha -1 in the forest floor and 95 t.ha -1 in the soil. Menšík et al. (2009b) Menšík et al. (2009a, b) for spruce, beech, mixed and Douglas fir stands under similar natural settings.
The quality of humus fractions, i.e. humic and fulvic acids, are an important soil characteristics (Brady, Weil 2008) . Often, the quality is assessed by the humic acid to fulvic acid ratio (HA to FA) (Aranda, Oyonarte 2006; Dai et al. 2006) . With increasing levels of humic acids the quality of humus becomes improved. For humus of top quality the HA to FA ratio should be greater than 1.5 to 1 (Pospíšilová, Tesařová 2009) . A lower HA to FA rate (less than 1.0) is found in the layer H and horizon Ah of both beech and spruce stands. A term "degree of humification" was introduced to provide a more detailed characterisation of transformation of humic substances in the soil (Sotáková 1982; Zanelli et al. 2006) . The transformation of humic substances (DH I) is more complete in H layer under the spruce stands compared with beech stands. Within the Ah horizon, the situation is reversed, the transformation of humic substances being more complete under the beech stands. Colour quotient (Q 4/6 ) is used for the characterisation of humic substances when evaluating the optical properties of humus. The lower the colour quotient value, the more the leached organic compounds polymerise and the better is the quality they reach in terms of stability of the soil (Pospíšilová, Tesařová 2009 ). The UV/VIS spectra of humic acids are closely related to the Q 4/6 ratio. The UV/VIS spectra in the forest floor (horizon H) showed that the absorbance in spruce stands is the same but the curve is steeper. In contrast, absorbance is lesser and less steep for beech stands. More distinct (lesser) absorbance is found in the Ah horizon under the beech stands compared with stands of spruce. This is confirmed by the HA Q 4/6 ratio.
Conclusion
The study evaluated the effect of the type of thinning (above thinning vs. below thinning) on the humus conditions (i.e. forest floor stock, the content and stock of carbon and nitrogen, C/N ratio, and the proportion of carbon in humic substances) in spruce stands found on acid granodiorite (acid site) in forest vegetation zone 4 to 5 (Field research station Rájec-Němčice) and in beech stands found on a solidified limestone sediment (nutrient rich site) in FVZ 3 to 4 (TFE Křtiny); the sites indicated above are part of the Drahanská vrchovina Upland. Thinning was conducted in spruce stand in 2005, 2010; in beech stand in 2011.
The obtained results permit drawing the following conclusions:
− The stock of forest floor was set at 17 to 18 t.ha -1 under the stands of beech (Beech 1, 2) and 51 to 54 t.ha -1 in the stands of spruce (Spruce 1, 2); thinning currently do not have a significant impact on the stock of humus, while the effect of habitat (or tree species, where appropriate) is significant. − The stock of carbon/nitrogen in the forest floor was set at 20 to 21 (0.7) t.ha -1 in spruce stands (Spruce 1, 2); for beech stands (Beech 1, 2) it was calculated to amount to 4-5 (0.1 to 0.2) t.ha -1
. The stock of carbon/nitrogen in the soil (to a depth of 50 cm) ranges from 66 to 77 (3 to 7) t.ha -1 ; thinnig felling currently have no significant effect. − C/N ratio in the individual layers of forest floor and soil horizons within the stands (both spruce /Spruce 1, 2/ and beech /Beech 1, 2/) is similar at each of the sites, i.e. do not significantly differ (no statistically significant differences recorded); thinning have currently no significant effects.
− Fulvic acids are prevalent in the stands of both spruce (Spruce 1, 2) and beech (Beech 1, 2) in the layer F and H as well as horizon Ah -a lower HA to FA ratio (less than 1.0); the transformation of humic substances (DH I) is more complete in layer H under the spruce stands (Spruce 1, 2) compared with stands of beech (Beech 1, 2). In the Ah horizon, the situation is reversed with the transformation of humic substances being better under the beech stands; the Q 4/6 ratio in the forest floor layers H (F + H) and Ah horizon was higher under the spruce stands (Spruce 1, 2) compared with stands of beech (Beech 1, 2); UV/ VIS spectra in the forest floor, horizon H, showed that the absorbance in spruce stands (Spruce 1, 2) is the same, the curve is however steeper. In contrast, absorbance in beech stands (Beech 1, 2) is lesser and less steep. More distinct (lesser) absorbance is found in the Ah horizon under the beech stands compared with stands of spruce. This is confirmed by the HA Q 4/6 ratio -these characteristics are unaffected by thinning; they however are influenced by type of habitat (acid site, nutrient rich site), species structure (Spruce, Beech), climatic conditions, etc.;
− PCA analysis confirmed that thinning has no statistically significant effect on humus conditions in young spruce and beech stands at sites of different types.
